A study was undertaken to examine the type, location, incidence and mechanism of injury sustained by amateur parachutists in Denmark during a five-year-period. A total of 110,000 parachute jumps resulted in six (0.005%) fatalities and 155 (0.14%) cases, requiring medical treatment. The latter group sustained 176 injuries of which 36.9% were significant soft tissue lesions and 63.1% fractures. Landing is the most dangerous part of the parachuting procedure, causing 83.8% of the accidents, while 9.3% were caused by faults during opening of the parachute. Based on the injury pattern, some modifications to the procedures and equipment are mentioned. A simplification of the parachute landing fall and the development of safer parachutes may reduce the incidence of casualties. An enforcement of the present regulations is necessary as many injuries are the result of noncompliance with regulations due to ignorance, inexperience or carelessness.
INTRODUCTION
Sport parachuting has become increasingly popular during recent years. In 1983 approximately 28,000 sport parachute jumps were made in Denmark. This study was undertaken to examine the type, location, incidence and mechanism of injury sustained by amateur parachutists in Denmark during a five-year-period. The demonstration of certain causal relationships might be useful in the prevention of similar injuries in the future. Few studies have been published which illustrate the hazards of parachuting. The populations studied mainly consisted of military parachutists whose way of jumping and the circumstances under which it takes place are different from sport parachuting.
MATERIALS AND METHODS
From 1979 to 1983 1 10,000 parachute jumps were made by members of the 27 sport parachuting centres which form the Danish Parachute Jumpers Association (DFU). On the basis of reports to DFU on all injured jumpers, the fatalities and the members who had received medical treatment were registered. Jumpers who experience the slightest irregularity during a parachute jump are supposed to notify DFU. Everyone who reported to have suffered injury, completed a questionnaire as a supplement to their initial report.
One hundred and fifty-five jumpers of different experience were registered under this criterion. Two of these did not want to participate and ten jumpers did not need medical treatment. The remaining 143 jumpers had suffered injury on 161 occasions. Their case records were requisitioned from medical centres and the accident reports dealing with the fatalities were provided by DFU. Injuries which did not need medical treatment in other studies are described as "light injury" (Hallel et al, 1975; Pirson et al, 1985) . Such injuries are not included in the present study. Prior to their first jump all parachutists had, as members of DFU, passed through a training programme of ten to twenty hours including theory, physical exercises and training of the parachute landing fall.
Technical considerations
In sport parachuting there are two basic objectives. The first is to use a certain period of time while falling free in the air to execute manoeuvres with the body, the so-called "-relative work" (RW), before the parachute is deployed. The second is to land as close as possible to the centre of the target on the ground, the so-called "dead centre". In competition, points are awarded for style and for accuracy. The competitors are classified according to their experience. The present study consists of patients who suffered injuries during competitions as well as during training.
Equipment
The parachutists included in the study wore two parachutes; a main chute on the back and a reserve chute on the chest or on the back. The equipment also comprised helmet, goggles, overalls and boots. Parachutes for sport jumping may be divided in two main groups; automatically and manually deployed chutes. An automatically deployed parachute opens without influence by the jumper. A static line fastened to the floor of the aircraft pulls the canopy out of its sack just after exit. A manually deployed parachute is opened by the jumper, when he wants to terminate his free fall, by pulling a ripcord handle.
During the period in question novice parachutists jumped static-line in a round, slow, non-steerable canopy with slow forward speed. More experienced parachutists jumped free fall in a round or rectangular, faster and steerable canopy with fast forward speed. To use the steerable round PC-chute, 50 manual jumps were demanded, while jumpers started to fly the rectangular chutes after 150 jumps. The rectangular parachute has the aerodynamic characteristics of an aeroplane wing. It is extremely manoeuvrable and may be fully braked in the air. To fly a rectangular chute thus demands a certain experience and a familiarity with the chute to avoid exceeding its capacity.
Nature of jumping A knowledge of the phases of the parachute jump and of the technique used in the parachute landing is essential to understand the mechanisms leading to injury. The parachute jump may be divided into the following phases: 1. The exit. 2. The free fall. 3. The opening of the parachute. 4. The canopy descent. 5. The landing. This study includes injuries related to every single phase.
During landing assuming of the correct "prepare to land attitude" and the execution of a good parachute landing fall (PLF) is of great importance. The PLF distributes the landing impact throughout the entire body, in order to reduce the chances of injury to the lower extremities. Depending on body weight, type of parachute, the humidity of the air and other factors, the average speed of descent with a parachute is 6 metres per second, assuming absence of surface wind. In the "prepare to land attitude" the parachutist keeps feet and legs together with hips and knees flexed to 45°. The feet are held at an angle of about 30°to the ground and the muscles of the lower extremity are slightly tensed to avoid collapse at the moment of impact. The eyes are fixed on the horizon and the arms held straight up with the hands on the risers or grasping the brakes. As the parachutist, facing downwind, makes contact with the ground, he makes no attempt to remain standing, but twists to one side making a PLF with his body following the line of drift, hereby rolling onto the muscular areas of the calf, thigh, buttocks and back. Quick recovery from the PLF is essential to collapse the 'chute fully and thus avoid being dragged by wind gust.
RESULTS
A total of 110,000 parachute jumps made during a five-year period resulted in six (0.005%) fatalities and 155 (0.14%) cases, requiring medical treatment. The latter sustained 176 injuries of which 36.9% were significant soft tissue lesions and 63.1 % fractures. The types and anatomical distribution of injuries appear in Table 1 . For patients with multiple lesions, each lesion was considered individually. One hundred and five (59.7%) of the 176 injuries involved the lower extremities; of these 44 were ankle fractures. 10.2% of the injuries involved the spine. The upper extremities were affected in 17% of the cases; of these 9.1% were fractures of the wrist. The causes of injury related to the experience of the jumpers appear in Table II . The landing is the most dangerous part of the jump, causing 83.8% of the accidents, while 9.3% were caused by faults during opening of the parachute. Table Ill shows the distribution of 182 injuries (fatalities included) related to the causes of injury in 161 jumps. Concerning the causes of injury during landing, the analysis is based on the jumper's own assessment of the situation. Often, landing injuries are caused by more than one factor. Male to female ratio of jumpers with injuries was 3.74:1. The mean age was 29.3 years, range 16-62 years.
DISCUSSION
Earlier studies illustrating the hazards of parachuting consisted mainly of military parachutists (Ciccone et al, 1948; Davis, 1964; Hallel et al, 1975; Neel, 1951; Petras et al, 1983; Pirson et al, 1985) . Certain factors, however, distinguish military parachutists from sport parachutists. The former jump from lower altitudes, in larger groups and from faster moving aircrafts than do sport jumpers. The military jumpers also carry more equipment and generally jump static line rather than free-fall. They jump in all kinds of weather over unfamiliar dropzones. In both populations the majority of the injuries takes place during landing.
During exit and free-fall the sport parachutist is not exposed to as many hazards caused by his surroundings as is the military paratrooper, a difference which is demonstrated by the present study. Only five jumpers were injured during free-fall. The "relative-work" in itself did not cause injuries, whereas four of the jumpers were killed in solo accidents. The fatalities were caused by failure to activate the parachute, apparently in spite of sufficient time to do so. On one occasion neither of the two parachutes were activated after RW. This might have been caused by a loss of altitude awareness, as the jumper did not use a visual altimeter (DFU accident report). The three other jumpers had malfunction of the parachute and failed to complete the emergency procedure, as they did not activate their reserve parachute after break-away. Wearing awkward gloves or large goggles, the jumpers might have had difficulties in finding the ripcord handle (DFU accident reports).
During canopy opening fifteen jumpers were injured. Two fatalities happened due to violation of the existing procedures. One jumper who had a partial malfunction of During canopy descent only two jumpers were injured as a result of the "stolen air" phenomenon (Davis, 1964) .
It is upon striking the ground that most injuries occur. As in other studies (Neel, 1951; Ryan et al, 1965) increased surface wind velocity and oscillation caused trouble to the jumpers. On eleven occasions jumpers were injured secondary to further vertical acceleration. Several of these jumpers could have been saved from injury if they had assumed the proper landing attitude as taught (Table 11 ). The most favourable drop zone has a surface of soft earth or sandy soil. A rough and stony terrain or slippery oblique surfaces are bad drop zones, which in spite of the use of a correct landing technique, caused many injuries to the lower extremities (Minor obstacles, Table 111 ). The presence of major obstacles on the ground, such as buildings, trees, cows and electric wires further endangered the jumpers during landing (Table 111 ). Major obstacles must be avoided by proper slipping on the part of the jumper. During competitions the jumper may be tempted to violate the normal landing procedure in his aim to hit the dead centre. Several jumpers tried to land in the direction of wind or hesitated to turn the parachute against the wind, the latter resulting in an oscillation during landing. Other jumpers using steerable rectangular parachutes braked their chute too violently over the dead centre. This deprives the chute of its lift and they experienced a partial free-fall, often from 8-10 metre's altitude. These typically were experienced jumpers with up to 200 jumps prior to the accident who had recently changed to this new type of parachute (Table 11) .
The majority of jumpers who were injured failed to assume a good body position for the landing or to make the PLF. Beside the correct body position, typically four others were assumed, namely: A too loose or a too stiff position, landing with legs apart or on one leg, "reaching for the ground". Jumpers who were violently activating their brakes landed in the loose attitude with their hands downwards below the level of the buttocks, so fracturing the wrists (Table 111) . Too straight or too rigid body positions were most frequently found among beginners. Scared by seeing the ground rapidly approaching, the jumper stiffened up. Landing with the legs apart was a frequent landing position. This will by the least oscillation cause one leg to strike the ground first. The downward force is then transmitted somewhere between the ankle and knee, depending upon the angle of fall, resulting in a fracture. The fact that ankle fractures were the dominating fracture (Table  I) might have protected the jumpers from damage to more proximal parts of the lower limb. Harmful forces were dissipated as the ankle fractured. In fact this study had only two fractures of the femur which contradicts the allegation that fractures of the femur are a typical parachute landing injury (Salai et al, 1983) .
Eighty-four per cent of the injuries in the present study were caused by factors related to the landing. As in other studies (Hallel et al, 1975; Straiton et al, 1986) it seems obvious that a great percentage of the injuries described above happened due to failure to follow recommended procedures or to a lack of proper instruction and training. The problem then in the case of many landing errors was one of non-compliance with regulations due to ignorance, inexperience or carelessness. As a consequence the DFU is now revising existing regulations and the education of new instructors. The training course will be modified to standardise the education of student jumpers all over the country and to ensure a continuity between theory and practise.
In order to avoid confusion and inexpedient, instinctive reactions during landing, the beginner is now taught a simplified landing attitude. Shortly before contact with the ground the jumper modifies his "prepare to land attitude" to the so-called "banana attitude", swaying his body in the line of drift, still keeping his legs and feet together with a slight flexion in hips and knees (Fig. 1) . Striking the ground in this position, the jumper has already initiated the PLF (Fig. 2) and left out hazardous alternatives to a safe landing. 
